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MONOCULAR AND BINOCULAR BICHROME TESTING 
-A COMPARATIVE STUDY-
Anne E.'Steiner 
Gerald S. Kcfrnarnicky 
The bichrome test. which estimates the free posture of accommodation at far. is a monocular 
test used to approximate best sphere. In this study. both monocular and binocular bichrome 
testing was done on 102 Pacific University students in order to establish a statistical comparison 
between the two techniques. The study shows that the binocular and monocular methods are 
both equally consistent with the binocular best sphere. 
The bichrome [duochrome] test has traditionally been a far, monocular, subjective balance 
test which determines the best spherical correction for a given eye. A downfall of the test is 
that it commonly results in the need for too much minus power, and being a monocular test it 
cannot be directly compared with the binocular ?a. However, it is widely regarded as the best 
subjective estimate of the free posture of accommodation at the far point and is used as a 
starting point for the Jackson Cross Cylinder [JCCJ test for cylinder. 
Bichrome testing was first reported by Peck in 1933 1, although Emsley credits Clifford-
Brown with designing the test in 1927.2 The test is based upon the presence of axial chromatic 
aberration in the human eye, the amount of which varies with the manner in which it is measured.3 
The results are simple to obtain, accurate, and useful if they are taken and interpreted carefully. 
Traditionally, bichrome testing is done monocularly. under dark room illumination, with a red 
and green split Snellen chart of 20/BO to 20/25 acuity demand. Past research has indicated 
that the size of the target may be of some importance in interpreting bichrome results, and that 
viewing the smallest letters of the chart results in higher reliability. 3 
In some cases, the bichrome test follows static retinoscopy or dynamic retinoscopy and is 
a preset for the clack-dial test far cylinder. The cylinder found by static retinoscopy is left in 
place as an estimate of astigmatic correction sa that the bichrame test indicates best sphere only. 
Enough plus sphere, approximately + 1.00 D .. is added to the net value of static retinoscopy to 
insure that the letters an the red side of the chart appear clearer to the patient upon first impression. 
One eye is occluded, and as the patient looks through the phoropter, he/she will view a red 
and green split chart with the letters an the red side being blacker than the letters on the green 
side. The plus fog is reduced until the patient reports that the letters are blacker on the green 
side. This is the endpoint of the test and this lens is left in the phoropter. The clinician records 
the response where the letters are equal fy clear on both sides of the chart. The success of the test 
is therefore dependent upon the patient's ability to respond in an appropriate manner. Color 
deficiency is not necessarily an indicator for failure, as a difference in clarity between the two 
sides can still be detected in mast cases. 
Unfortunately, nat all patients wi II respond to the bichrame test. Some patients may have 
an insensitivity to the test due to poor figure-ground discrimination, because color boundaries and 
not letter detai Is are used for judgment. 4 Improper illumination. poor instructions. or an improper 
control lens all hinder the ideal outcome of the test. 
The bichrome test works on the principle that the human eye is sensitive to axial chromatic 
aberration. The shorter wavelengths of blue I ight bend the most and come to a focus in front 
of the longer wavelengths of red light. The human eye makes use of chromatic aberration to 
minimize accommodative effort. The amount of axial chromatic aberration present in an 
eye is dependent on pupillary size. The larger the pupil. the more paraxial rays are present, 
increasing the amount of chromatic aberration, and increasing reliability of the bichrome test. 
Therefore. room illumination is kept at an absolute minimum during the test.5 
In clinical testing, green is substituted for blue, because it provides a brighter target than 
blue. Also, the center of the visible spectrum is yellow (589 nm] which is dioptrically closer 
to the midpoint of red (650 nm) and green (500 nm]. Yellow is a convenient midpoint to use, as 
the unaccommodative emmetropic eye under photopic conditions is most sensitive to yellow 
at wavelength 555 nm. The actual midpoint of red and green is closer to the Fraunhofer D I ine¥ 
which is 589 nm. With the control lens in place, the patient will first experience the red (C) 
I ine closest to the retina. and therefore more in focus than the green (F) I ine. The red I ine is 
the line which is said to be at focus in an unaccommodating eye. 5 As plus lenses are removed, 
the yellow (midpoint] blur circle comes sharply in focus on the retina. This point will approximate 
the best spherical correction for that eye. As even more plus is removed, the green shifts closer 
to and is finally focused on the retina and this. once again. is the endpoint of the test. 
Because the bichrome test is subjective, it should be performed quickly. It is important to 
elicit the immediate first impression from the patient. as accommodation will quickly move the 
focal points and shift the foci from red to blue. There is only a 1.00 D. to 1.50 D. range between 
the red and the green Fraunhofer lines. so a slight shift in focus will alter the outcome and diminish 
the validity of the test. Accommodation is largely to blame for the tendency of the bichrome test 
to produce a slight over-correction (excess minus) in myopes. and a slight under-correction 
[insufficient plus] in hyperopes.5 The validity of the test is also affected by the brand of projector 
slide used. The Bausch and Lomb projector slide produces equal luminance between red and 
green targets. while the American Optical slide has a green target which is 1.58 times brighter 
than the red side. The effect of this brighter green may be disregarded since red is the wavelength 
in preferred focus in the unaccommodative eye.5 
Smith6 hypothesized that the accommodative system floats freely under monocular conditions. 
since there is no binocular fusion lock to serve as an anchor. According to Smith, performing 
the bichrome test under binocular conditions (fogging the non-tested eye with + 1.00 D.J wi II 
produce more stable results and be more consistent with the 7a finding, which is the maximum 
plus to best visual acuity. 
The procedure Smith recommends uses the same preset conditions as the monocular procedure: 
dark room illumination. red and green split Snellen chart of 20/60 to 20/25 acuity letters. and 
sufficient plus to blur all but the top row of letters ( + 1.00 D. over net static retinoscopy finding]. 
Reduce the plus binocularly. if necessary. for the patient to be able to identify two or more letters 
in the top row. Then reduce plus in only the right eye until the patient sees the letters as equally 
black on each side. Continue to reduce the amount of plus until the letters on the green side 
are perceived as clearer and record the mid-equal point. The endpoint of the test is the first 
"green" or last "equal" response. Add + 1.00 D. to the endpoint lens. and reduce plus in front 
of the left eye only. repeating the procedure with the left eye. 
A direct comparison of the monocular and binocular bichrome test methods was conducted 
to indicate whether one method proved more reliable than the other. The study involved 102 
second-year optometry students from Pacific University College of Optometry. Static retinoscopy 
was performed on each subject. and the cylinder found was left in place as the estimated astigmatic 
correction. On 50% of the subjects, the bichrome test was first administered according to the 
traditional, monocular method. This was immediately followed by the binocular bichrome method 
outlined by Smith. On the remaining 50% of the subjects, the order was reversed. Binocular 
testing was done first. followed by monocular testing. This was done in order to diminish the 
practice effect. All of the subjects were already familiar with the monocular form of "the bi-
chrome test. They were not familiar with the binocular form of the test, however. and were 
not told which form of the test was being performed at a particular time. Not one subject 
seemed to notice using one or both eyes. but reacted as if one sequence was the same as the 
other. One subject commented that the second [in this case. binocular) test seemed "easier", 
but was not aware that he was using both eyes. 
Subjects did not always perform equally well on both tests. One subject responded accurately 
and easily to the monocular test. which was done first. but did not perceive reversal binocularly. 
This is a clear signal that further testing is needed to determine the phoric posture and accom-
modative/convergence skills of the patient and the effect of these skills on the bichrome results. 
This person could be highly exophoric. which would mean that a greater degree of convergence 
is needed to maintain fusion. The relationship between accommodation and convergence is such 
that as convergence increases. so does accommodation. When the bichrome test is performed 
binocularly. the exophoric individual must overconverge to avoid diplopia. Consequently. he 
overaccommodates as well. possibly enough to keep the red wavelength focused closest to the 
retina. so that the letters on the red chart continue to appear blacker. 
This particular subject was corrected to 20/15 with soft contact lenses, which were left in 
place during testing. In general. contact lens wearers did seem to have more difficulty in responding 
to the bichrome test, but had equal amounts of difficulty with both methods. Fourteen soft 
contact wearers were tested. with no significant difference in findings between monocular and 
binocular methods. The one other person who obtained reversal monocularly but not binocularly 
was a spectacle wearer, who was tested without his Rx. It would be difficult to establish that the 
contact lenses were responsible for the inability of the first subject to respond to the binocular 
test. 
All subjects were able to report reversal using the monocular method, although four subjects 
accepted over .50 D. more minus with this method than with the binocular method. In these 
cases. the binocular method was closer to the 7a. and therefore more accurate for our purposes. 
With one eye occluded. convergence is present only to the extent that it is pulled along by ac-
commodation. As plus power is reduced, the eye may continue to accommodate and keep the 
letters on the red side in best focus. Under binocular conditions. the eye accommodates past 
the point where the accommodative and convergence system allows the letters on the green 
background to come into focus. The convergence system limits the accommodative system, 
assuming an orthophoric or esophoric posture. 
Both methods produced findings which were often at variance with the ?a findings, by as 
much as +2.00 D. However, the spread from the ?a was equally divided between too much plus 
power and too much minus power. and the mean of both methods were within .149 D. of the 
mean ?a value. The monocular method resulted in an average of -.148 D. over the ?a, and the 
binocular in an average of -.149 D. over the ?a. This is not statistically significant, and it can 
safely be stated that there is virtually no difference between the methods. Both the binocular and 
monocular methods are demonstrated to be consistent with the ?a finding. 
The final results indicate that there is no difference in accuracy whether using the monocular 
or binocular method. It has been shown that. in individual cases, valuable information can be 
obtained if the patient who is a non-responder with one method gives a clear response with 
the alternate method. Since the bichrome test is done early in the exam routine, it can aid the 
practitioner in targeting areas needing further testing. Also, since the bichrome test is shown 
to be. on the average, within an eighth of a diopter of the ?a finding, it can be considered an 
important estimate of the best visual acuity lens. 
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